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Abstract
Background: During the last century we have seen wide-reaching changes in diet, nutritional status and life
expectancy. The change in diet and physical activity patterns has become known as the nutrition transition. At any
given time, a country or region within a country may be at different stages within this transition. This paper
examines a range of nutrition-related indicators for countries in Sub-Saharan Africa (SSA) and attempts to develop
a typical model of a country in transition.
Methods: Based on the availability of data, 40 countries in SSA were selected for analysis. Data were obtained
from the World Health Organisation, Demographic and Health Surveys and the Food and Agriculture Organisation
of the United Nations. Multiple linear regression analysis (MLRA) was used to explore the determinants of infant
mortality. A six point score was developed to identify each country’s stage in the nutrition transition.
Results: MLRA showed that underweight-for-age, protein and the percentage of exclusively breastfed infants were
associated with the infant mortality rate (IMR). The majority of countries (n = 26) used in the analysis had nutrition
transition scores of zero and one. Most of them had a high prevalence of infant mortality, children that were
stunted or underweight-for-age, small percentages of women that were overweight and obese, and low intakes of
energy, protein, and fat. Countries with the highest scores include South Africa, Ghana, Gabon, Cape Verde and
Senegal which had relatively low IMRs, high levels of obesity/overweight, and low levels of underweight in
women, as well as high intakes of energy and fat. These countries display classic signs of a population well
established in the nutrition-related non-communicable disease phase of the nutrition transition.
Conclusions: Countries in SSA are clearly undergoing a nutrition transition. More than half of them are still in the
early stage, while a few have reached a point where changes in dietary patterns are affecting health outcomes in a
large portion of the population. Those in the early stage of the transition are especially important, since primordial
prevention can still be introduced.
Background
Developed (high-income) and developing (low-to-medium
income) countries differ significantly in causes of death.
The leading causes of mortality in developed countries are
non-communicable diseases (NCD) such as type 2 dia-
betes, cardiovascular diseases and cancer which account
for approximately two-thirds of all deaths [1]. However,
these diseases account for only one-third of deaths in the
developing world, where infectious diseases and malnutri-
tion, particularly in infants, account for up to 43 percent
of deaths [1]. Furthermore, NCDs that used to be asso-
ciated with old age in high-income countries are becoming
more prevalent in the developing world following the
rapid increase in industrialization, urbanization, economic
development and globalization [1].
During the last century we have seen wide-reaching
changes in diet, nutritional status, disease patterns and life
expectancy. These changes are thought to occur as three
separate transition processes. The demographic transition
refers to a change from a period of high fertility and mor-
tality to one of low fertility and mortality which occurs as
a result of an increase in income, education and employ-
ment [2], while the epidemiological transition refers to a
change from a period of high prevalence of infectious
disease associated with poor sanitation, famine and malnu-
trition, to a period of high prevalence of chronic and
degenerative diseases [3,4].
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simultaneously with the demographic and epidemiologi-
cal transitions is the nutrition transition, resulting from
a change in diet and physical activity patterns [5]. Pop-
kin refers to this transition occurring in five stages.
During the first stage (hunter-gatherer), diets were high
in carbohydrates and fibre and low in fat (especially satu-
rated fat). Activity levels were high, and obesity levels low.
The second stage (famine) refers to a period where food
was scarce and dietary diversity low. While the type of
physical activity done may have changed, the activity levels
remained much the same. These changes are related to a
shift toward settlements and cultivation, first of crops and
later also livestock and poultry. During the third stage
(receding famine), the amount of carbohydrates in the diet
decreased, and fruit, vegetables and protein consumption
increased. Physical activity levels started to decrease. This
is the development of more technically advanced and pro-
ductive agriculture. The fourth stage (nutrition-related
non-communicable disease) is characterized by a diet high
in fat, refined carbohydrates, sugar and cholesterol and
low in fibre. Physical activity levels are low, and obesity
prevalence high. The final stage (behavioural change)
occurs due to a desire to prolong health and delay or pre-
vent degenerative diseases. The consumption of complex
carbohydrates, fruit and vegetables increases, while the
consumption of fat, processed foods, meat and dairy pro-
ducts are reduced [4-6]. At any given time, a country or
region within a country may be at a different stage within
this transition.
While most high-income, developed countries seem to
be in the final stage of the nutrition transition [5]; develop-
ing countries [6] have not been immune to this transition.
Poor countries are plagued by the same risk factors (diets
high in sugar, fat and alcohol, obesity, tobacco smoking
and lack of physical activity) as their rich counterparts [7].
Furthermore, rural and urban areas within the same coun-
try may be at different stages of the transition.
Urban residents have access to a wider range of food
products, many of which are high in fat and sugar. In addi-
tion, an increasing number of women are working, leaving
less time for growing and producing food, shopping for
ingredients, and preparing the often energy-intensive sta-
ples of traditional diets. Families therefore rely on pro-
cessed foods, resulting in the development of obesity [1].
This is further exacerbated by the sedentary activities asso-
ciated with urban jobs and the increase in the availability
of televisions and computers.
Sub-Saharan Africa (SSA), made up of low- and middle-
income countries, is undergoing a health transition caus-
ing these countries to experience a double burden of
disease. The nutrition transition appears to be accelerating
in SSA from the receding famine stage to the nutrition-
related non-communicable disease stage. As a result, an
increasing number of households are experiencing the
dual burden of underweight and obesity occurring simul-
taneously [8,9]. At the same time high rates of NCDs, like
diabetes, cardiovascular disease and cancer are occurring
together with infectious diseases such as HIV/AIDS,
tuberculosis and malaria [10].
Community studies from South Africa [11,12] have
found that underweight and stunting coexist with over-
weight and obesity. In a study by Garrett and Ruel [13],
using demographic and health survey (DHS) data from
several developing countries, the relationship between
stunted children and overweight and obese mothers was
confirmed. In SSA, the percentage of stunted children
with overweight mothers ranged from 0.6% in Mozam-
bique to 8.2% in Namibia.
Countries in SSA are currently experiencing changes
associated with the advancing nutrition transition, while
at the same time struggling to eradicate the high preva-
lence of infant and child mortality prevalent in develop-
ing countries. This paper examines the role of a number
of indicators associated with the advancing nutrition
transition, as well as the prevalence of infant mortality
and the factors impacting on its prevalence in SSA.
In this paper we hypothesise that countries in the
advanced stage of the transition have adopted ‘western’
diets and are now plagued by high levels of overweight
and obesity, and high levels of NCD mortality. They gen-
erally have fewer people living in poverty. Moreover,
their levels of underweight-for-age, stunting and IMR
may have decreased. Based on this hypothesis, a scoring
system was developed and used to define a typical model
of a country in transition.
Methods
The current study is a secondary analysis of existing data
available on IMR and mortality due to chronic NCD
(NCD MR) in SSA, as well as their determinants. Forty
countries in SSA were selected based on the availability
of data from primary sources World Health Organisation
(WHO) [14], Demographic and Health Surveys (DHS)
[15] and the Food and Agriculture Organisation of the
United Nations (FAO) [16]. Nutrition-related indicators
which may have influenced the nutrition transition, as
well as indicators associated with infant and child mortal-
ity were selected from the data available. A list of the key
indicators and their definitions is shown in Table 1.
The most recent data (2000-2008) from the WHO Glo-
bal Health Observatory Database [14] were used to obtain
information on each country’s IMR, the percentage stunt-
ing, underweight-for-age, low birth weight and exclusively
breastfed infants, NCD mortality, prevalence of HIV
among adults, and the percentage of the population living
on less than one dollar per day (PPP). Zere and McIntyre
[17] provided information on the prevalence of stunting
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five years.
Country reports from the most recent DHS [15] were
used to obtain information on mean Body Mass Index
(BMI) of adult women. BMI was stratified into the per-
centage of women who were underweight (BMI < 18.5),
were within the normal weight range (BMI = 18.5-24.9),
or were overweight and obese (BMI > 25).
The 2008 food balance sheets from FAO [16] were used
to gather information on dietary energy supply (DES), pro-
tein and fat per capita available in each country. The infor-
mation obtained was used to generate values for
carbohydrate supply. In addition, values for the percentage
of energy from protein [(grams of protein ×4 calories) ÷
(calories of energy ×100)], fat [(grams of fat ×9 calories) ÷
(calories of energy ×100)] and carbohydrates [(grams of
carbohydrates ×4 calories) ÷ (calories of energy ×100)]
were calculated.
The IMR was selected as an independent variable. Pear-
son and Spearman correlations were then used to identify
associations between IMR and various predictor variables.
Multiple linear regression analysis was used to explore the
determinants of IMR using possible predictor variables. All
variables that may have an impact on IMR were included
in the analysis, irrespective of results obtained from Pear-
son and Spearman correlations. The predictor variables
used were stunting, underweight-for-age, PPP, HIV preva-
lence, energy, protein, fat, carbohydrates, energy from pro-
tein, energy from fat and energy from carbohydrates.
A scoring system was developed to help identify the
stage of nutrition transition in each country. Indicators
included in the scoring system were based on trends
associated with the advancing nutrition transition. The
advanced stage of the transition is associated with diets
high in energy and fat, growing levels of overweight/
obesity, decreasing levels of infant mortality and stunt-
ing, high levels of NCD mortality [7], and possibly a
smaller percentage of the population living on less than
$1 per day.
A score of one was allocated to each country whose
score for the following indicators were in the top quartile
of the range: energy, percentage of energy from fat and
overweight/obesity. Countries whose score for the follow-
ing indicators were in the bottom quartile of the range
were also allocated a score of one: PPP, IMR and stunt-
ing. All indicators that did not receive a score of one
automatically received a score of zero. The highest possi-
ble score was six and the lowest was zero. A score of six
is representative of a country in the last phase of the
nutrition transition while zero indicates a country in very
early stages of transition. A score close to zero would
encapsulate the famine stage and would typically be a
country with a low per capita energy intake, high IMR,
high prevalence of stunting and low prevalence of obe-
sity. A score close to six, on the other hand, would reflect
a high energy intake, low IMR and stunting and a high
prevalence of obesity.
Results
From a total of 48 countries in SSA, sufficient recent
data were available for 40 countries. Those excluded
were: Botswana, Djibouti, Equatorial Guinea, Mauritania,
Table 1 Definition of key indicators
Indicators Definition
Infant Mortality Rate (IMR) Probability of dying between birth and age 1 per 1 000 live births
Stunting Children < 5 years that are stunted for age (%)
[Height-for-age Z-score ≤ -2SD]
Underweight-for-age Children < 5 years that are underweight for age (%) [Underweight-for-age Z-score ≤ -2SD]
Low Birth Weight Low-birth-weight newborns (%)
Exclusively Breastfed Infants exclusively breastfed for the first 6 months of life (%)
Non-communicable Disease
Mortality Rate (NCD MR)
Age-standardized mortality rate by cause (per 100 000 population)-due to NCD
Underweight Adult women with a BMI < 18.5 (%)
Normal Weight Adult women with a BMI of 18.5-24.9 (%)
Overweight/obese Adult women with a BMI > 25 (%)
PPP Population living on < $1 a day (%)
HIV prevalence Prevalence of HIV among adults aged 15-49 (%)
Dietary energy supply (DES) Dietary energy supply (kcal/capita/day)
Protein Protein supply quantity (g/capita/day)
Energy from protein Energy obtained from protein (%)
Fat Fat supply quantity (g/capita/day)
Energy from fat Energy obtained from fat (%)
Carbohydrates Carbohydrate supply quantity (g/capita/day)
Energy from carbohydrates Energy obtained from carbohydrates (%)
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defines the key indicators used. Tables 2 and 3 show the
key indicators for 40 countries in SSA. A number of
countries still have IMRs above 100 with the highest
being Angola (130), Democratic Republic of Congo
(DRC) (126), Chad (124) and Sierra Leone (123). Some
countries still show a prevalence of stunting in more
than 50% of children (Angola, Burundi, Ethiopia, Mada-
gascar, Malawi, Niger and Rwanda). Another important
nutrition indicator-exclusive breastfeeding was lower
than 10% in some countries (Burkina Faso, Chad, Cote
d’Ivoire, South Africa (RSA) and Gabon). In Angola,
Niger and Sierra Leone the NCD MR was above 1000
deaths per 100 000. Countries in which more than three
quarters of the population live on less than 1 dollar per
day include Burundi, Liberia, Rwanda and Tanzania.
In terms of diet composition, results show that the
average DES was 2279 ± 334 kcal/capita/day. Three
countries had a DES less than 1800 (Burundi, DRC and
Eritrea) and another 5 less than 2000 (Angola, Central
African Republic (CAR), Comoros, Ethiopia and Zambia).
Figures 1a, b and 1c show that the diet in SSA consists
primarily of carbohydrates (> 55% of the overall DES)
with protein supplying less than 15% of the overall DES.
The average available protein intake was 56.0 ± 12.6 g/
capita/day, supplying an average of 9.8 ± 1.6% of the
overall DES. Countries with the lowest protein intakes
(less than 45 g/capita/day) were Angola, Guinea-Bissau,
Comoros, DRC, Liberia, and Mozambique. The average
available fat intake was 48.6 ± 16 g/capita/day, which
supplied an average of 18.9 ± 5% of the overall DES. Five
countries had an extremely low fat intake of less than
30 g/capita/day: Burundi, DRC, Eritrea, Ethiopia, and
Rwanda.
The results of correlations between independent vari-
able IMR and several predictor variables are shown in
Table 4. Correlations between IMR and predictor vari-
ables that were statistically significant include stunting
(p = 0.01), underweight-for-age (p = 0.02), PPP (p =
0.02), energy (p = 0.04), protein (p = 0.01) and the per-
centage of energy from protein (0.04).
Multiple logistic regression analysis was used to explore
the determinants of IMR. All variables used in the univari-
a t ea n a l y s i s( T a b l e3 )w e r ei n c l u d e d ,i r r e s p e c t i v eo f
whether they were significantly associated with the IMR.
Table 5 shows that underweight-for-age (p = 0.02), protein
(p = 0.001) and the percentage of exclusively breastfed
infants (p = 0.003) are associated with the IMR. As the
percentage of children that are underweight-for-age
increases, the IMR increases. Conversely, an increase in
the protein supply and number of exclusively breastfed
infants results in a decrease in the IMR. Stunting, HIV
prevalence, PPP, total energy, and energy from protein
were no longer significant, whereas exclusive breastfeeding
became significant. The determinants of NCD MR were
explored and excluded since the NCD MR are estimates
based on assumptions and extrapolations due to the lack
of reliable mortality and morbidity data from SSA [18].
Figure 2 shows the relationship between stunted chil-
dren and overweight/obese women. Findings show that,
to differing degrees, all countries have stunted children
and overweight/obese woman. The percentages of
stunted children coupled with overweight/obese women
were especially high in Lesotho, Swaziland, Cameroon
and Sao Tome and Principe.
A scoring system was developed to assess each country’s
stage in the nutrition transition (Table 6). Countries with
the highest scores include RSA which scored a six, Ghana,
Gabon and Cape Verde which scored five, and Senegal
which scored four. These countries had relatively low IMR
(24-57 deaths per 1000 live births), relatively high levels of
obesity/overweight (> 29%), and low levels of underweight
(6-9%) in women, as well as high intakes of energy (DES >
2500 kcal/capita/day) and fat (> 50 g/capita/day) and aver-
age NCD MR (591-867 deaths per 100 000). Countries
having a zero score include Angola, Burundi, Chad,
Comoros, Congo Brazzaville, DRC, Ethiopia, Madagascar,
Malawi, Mozambique, Niger, Rwanda, Tanzania, Uganda
and Zambia. They are characterized by many in the popu-
lation living on less than 1 dollar per day (39-81%), a low
DES (1600-2500cal/capita/day), low energy intake from fat
(7-21%), a low prevalence of obesity (4-22%), and a high
prevalence of stunting (31-63%). Although they do not all
lie in the highest quartile for IMR it still remains high
being between 65 and 124 in these countries.
Discussion
It has long been accepted that the health status of a popu-
lation is dependent on many inter-connected factors.
Environmental, socio-economic and political influences
are all associated with attaining health. This study has
looked at the impact of nutrition (DES, protein, carbohy-
drate and fat intakes) on IMR and undernutrition in chil-
dren and in overnutrition in adults
One of the most important findings of this SSA study is
the significant relationship between IMR with exclusive
breastfeeding and available protein intake shown in the
multiple regression analysis. Stunting, DES and PPP were
not significant predictors of IMR, despite them being sig-
nificant in the univariate analysis. It appears that the
strong relationship between IMR and these variables were
by chance, and once confounding was controlled for, the
significant associations disappeared.
Indeed, the regression analysis in the current study
showed exclusive breastfeedi n gt ob es i g n i f i c a n t l ya s s o -
ciated with IMR, even though it was insignificant in the
univariate analysis. It is disheartening to know that only a
small prevalence (33.6 ± 20%) of mothers in SSA countries
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Country Infant
Mortality
Rate
Stunting
(%)
Underweight-
for-Age (%)
Low birth
weight (%)
Exclusively
Breastfed (%)
NCD
Mortality
Rate
Under
weight
(%)
Normal
Weight
(%)
Overweight/
Obese (%)
Angola* 130 50.8 27.5 12 11.1 1071 n/a n/a n/a
Benin 76 44.7 20.2 15 43.1 835 9.2 71.8 19
Burkina Faso 92 44.5 37.4 16 6.8 924 20.8 69.9 9.3
Burundi* 102 63.1 38.9 11 44.7 919 n/a n/a n/a
Cameroon 82 36.4 16.6 11 21.2 840 6.7 64.6 49.3
Cape Verde* 24 21.4 11.8 6 59.6 591 n/a n/a n/a
Central African
Republic* (CAR)
115 44.6 21.8 13 23.1 868 n/a n/a n/a
Chad 124 44.8 33.9 22 2.1 910 20.3 72 9.6
Comoros 75 46.9 25.0 25 21.3 713 9.8 67.5 18.4
Congo Brazzaville* 80 31.2 11.8 13 19.1 716 n/a n/a n/a
Cote d’Ivoire* 81 40.1 16.7 17 4.3 946 n/a n/a n/a
Democratic Republic
of Congo (DRC)
126 45.8 28.2 12 36.1 921 18.4 71.3 11.3
Eritrea* 41 43.7 34.5 14 52 686 37.3 53.8 8.9
Ethiopia 69 50.7 34.6 20 49 817 25.6 69.1 4.4
Gabon 57 26.3 8.8 14 5.2 716 6.6 64 29.5
Gambia* 80 27.6 15.8 20 40.8 830 n/a n/a n/a
Ghana 51 28.6 14.3 9 62.8 699 8.6 61.4 30
Guinea 90 40.0 20.8 12 48.1 844 13.2 72.5 14.3
Guinea-Bissau* 117 28.1 17.2 24 27.9 925 n/a n/a n/a
Kenya 81 35.8 16.5 10 n/a 729 12.3 62.6 25.1
Lesotho 63 45.2 16.6 13 36.4 581 5.7 52 42.3
Liberia 100 39.4 20.4 14 29.1 931 10 69.4 20.5
Madagascar 68 52.8 36.8 17 n/a 799 26.7 67 6.3
Malawi 65 53.2 15.5 13 56.7 796 9.2 77.1 13.6
Mali 102 38.5 27.9 19 37.8 967 13.5 68.9 17.6
Mozambique* 90 47 21.2 15 30 777 n/a n/a n/a
Namibia* 31 29.6 17.5 16 23.9 513 15.9 56 28.1
Niger 79 54.8 39.9 27 n/a 1030 19.2 67.9 22.7
Nigeria 96 41.0 26.7 14 13.1 909 12.2 65.7 22.1
Rwanda 72 51.7 18.0 6 88.4 878 9.8 78.7 11.5
Sao Tome and
Principe*
64 35.2 10.1 8 n/a 788 7.7 58.7 33.7
Senegal* 57 20.1 14.5 19 34.1 852 n/a n/a n/a
Sierra Leone 123 37.4 21.3 24 11.2 1033 11.2 59.1 29.7
South Africa (RSA) 48 24.5
16 17.0
16 15 7.2 867 6.2 38.9 54.9
Swaziland 59 29.5 6.1 9 32.3 707 3.2 46.2 50.6
Tanzania 67 44.4 16.7 14 60.1 851 10.4 71.8 17.7
Togo 64 26.9 20.5 10 41.3 818 10.9 77.8 11.4
Uganda 84 38.7 16.4 12 48 786 12.1 71.3 16.5
Zambia 92 45.8 14.9 11 60.7 833 9.6 71.2 19.2
Zimbabwe* 62 35.8 14.0 11 22.2 816 9.2 65.8 25
Mean 79.5 39.7 21.1 14.8 33.6 826.8 13.1 65.5 22.4
Standard Deviation 25.5 10.0 8.7 5.1 20.2 121.8 7.3 9.1 13.2
Minimum-Maximum 24-130 20.1-63.1 6.1-39.9 6-27 2.1-88.4 513-1071 3.2-37.3 38.9-78.7 4.4-54.9
* Indicates countries with missing data
n/a indicates a missing data value
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Country PPP HIV
prevalence
(%)
Energy
(cal/capita/
day)
Protein
(g/capita/
day)
Energy from
protein (%)
Fat
(g/capita/
day)
Energy
from fat
(%)
Carbohydrates
(g/capita/day)
Energy from
carbohydrates
(%)
Angola 54.3 2.0 1973 44 8.92 47 21.44 343.5 69.64
Benin 47.3 1.2 2533 59.4 9.38 52.2 18.55 456.4 72.07
Burkina Faso 56.5 1.2 2677 81.4 12.16 58.6 19.70 456 68.14
Burundi 81.3 3.5 1685 45.6 10.82 13.4 7.16 345.5 82.02
Cameroon 32.8 5.3 2269 57.4 10.12 42.6 16.90 414 72.98
Cape Verde 20.6 n/a 2572 69.5 10.81 76.8 26.87 400.7 62.32
Central African
Republic (CAR)
62.4 5.1 1986 46.1 9.28 64.9 29.41 304.4 61.31
Chad 61.9 3.4 2056 61.5 11.96 49.1 21.49 342 66.54
Comoros 46.1 0.1 1884 44.6 9.47 45.1 21.54 324.9 68.98
Congo Brazzaville 54.1 3.5 2512 52.7 8.39 60.7 21.75 438.7 69.86
Cote d’Ivoire 23.3 3.7 2528 49.9 7.90 47.2 16.80 513.3 81.22
Democratic
Republic of Congo
(DRC)
59.2 1.3 1605 24.4 6.08 24.3 13.63 322.2 80.30
Eritrea* n/a 0.8 1605 47.3 11.79 25.4 14.24 296.8 73.97
Ethiopia 39 n/a 1980 56.7 11.45 21 9.55 391 78.99
Gabon 4.8 5.3 2755 81.3 11.80 58.5 19.11 475.8 69.08
Gambia 34.3 1.7 2385 55.7 9.34 68.4 25.81 386.6 64.84
Ghana 30 1.8 2907 59.8 8.23 51.3 15.88 551.5 75.89
Guinea 70.1 1.4 2568 54.4 8.47 62.9 22.04 446.1 69.49
Guinea-Bissau 48.8 2.5 2306 44.3 7.68 50.9 19.87 417.7 72.45
Kenya 19.7 6.3 2089 59.7 11.43 49.1 21.15 352.1 67.42
Lesotho 43.4 23.6 2476 69.4 11.21 32.6 11.85 476.25 76.94
Liberia 83.7 1.6 2204 36.5 6.62 57.1 23.32 386 70.05
Madagascar 67.8 0.2 2160 49.9 9.24 31.9 13.29 418.3 77.46
Malawi 73.9 11.2 2172 56.6 10.42 31.9 13.22 414.6 76.35
Mali 51.5 1.0 2614 71.7 10.97 54.7 18.83 458.7 70.19
Mozambique 74.7 11.4 2067 37.9 7.33 37.7 16.42 394 76.25
Namibia* n/a 13.7 2383 67.9 11.40 55.7 21.04 402.5 67.56
Niger 65.9 0.8 2376 80 13.47 46.5 17.61 409.4 68.92
Nigeria 64.4 3.6 2741 63.5 9.27 66.5 21.84 472.1 68.89
Rwanda 76.6 2.9 2085 49.5 9.50 20.1 8.68 426.5 81.82
Sao Tome and
Principe*
n/a n/a 2684 60.5 9.02 74.9 25.12 442 65.87
Senegal 33.5 0.8 2348 58.7 10.00 64.6 24.76 382.9 65.23
Sierra Leone 53.4 1.6 2170 52.2 9.62 56 23.23 364.3 67.15
South Africa (RSA) 26.2 17.9 2999 80.9 10.79 81.9 24.58 484.6 64.63
Swaziland 62.9 25.9 2292 60.9 10.63 49.1 19.28 401.6 70.09
Tanzania 88.5 5.8 2032 49.1 9.67 33.3 14.75 384 75.59
Togo 38.7 3.2 2161 48.9 9.05 46.9 19.53 385.8 71.41
Uganda 51.5 6.4 2211 48.7 8.81 42.6 17.34 408.2 73.85
Zambia 64.3 13.6 1873 46.6 9.95 34.4 16.53 344.3 73.53
Zimbabwe* n/a 15.1 2238 55.9 9.99 56.9 22.88 375.6 67.13
Mean 51.8 5.69 2279 56.0 9.8 48.6 18.9 405.3 71.4
Standard Deviation 20.0 6.49 334.3 12.6 1.6 16.1 5.0 56.7 5.3
Minimum 4.8 0.1 1605 24.4 6.08 13.4 7.16 296.8 61.31
Maximum 88.5 25.9 2999 81.4 13.47 81.9 29.41 551.5 82.02
* Indicates countries with missing data.
n/a indicates a missing data value.
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Page 6 of 12chose to breastfeed exclusively, despite the abundance of
strategies directed at promoting exclusive breastfeeding in
the continent. This prevalence is corroborated by those of
WHO [19] that reported a finding of 30% in SSA. Breast
milk is always the best, especially in a continent that grap-
ples with high levels of food insecurity, poverty and HIV/
AIDS infections. Breast milk provides just the right blend
of proteins, fats, carbohydrates, minerals, and calories.
A
 
B
C
Figure 1 Protein, fat and carbohydrate intake as a percentage of DES in SSA. (A) protein as a percentage of DES, (B) fat as a percentage of
DES, and (C) carbohydrates as a percentage of DES.
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Page 7 of 12Furthermore, it contains antibodies, which help protect
the baby from infections and diseases [20-22]. As such, the
results of the current study have important implications
for policy-makers in Africa, as it emphasizes the impor-
tance of exclusive breastfeeding in the prevention of infant
mortality.
The current study also highlights the fact that many
countries in SSA have at least a reasonable available intake
of protein (> 10% of total DES) and fat (> 20% of total
DES) [20]. The amount of protein consumed seems to be
an important predictor for IMR in the current analysis.
Indeed, results outlined in Figure 1a suggest that those
individuals residing in DRC, Liberia and Guinea-Bissau
consume the lowest amount of energy from protein, while
at the same time having the highest levels of infant
mortality (Table 2). Moreover, according to Earl and Borra
[20], populations consuming 24-44 g of protein may not
be getting enough essential amino acids. Amino acids are
indeed crucial in the growth of infants; issues that have
been stressed in child health for decades. Clearly, health
workers in SSA need to prioritise strategies directed at
emphasizing the importance of protein in the infants’ diets
as well as the promotion of exclusive breastfeeding for at
least 6 months if the IMR is to be reduced.
The mean intake of 18.9 ± 5% of the overall DES from
fat in the current study poses concern. Thirteen to 24 g
of fat is equivalent to at least 2.5 to 5 teaspoons of fat.
These levels are very low when compared to the recom-
mended daily allowance of at least 65 g for adults and
children over 4 years [20,21]. As such, those individuals
(especially children) consuming small amounts of fat
may not be getting enough essential fatty acids to sus-
tain their daily needs. It is therefore not surprising that
countries at the lower extremes of total fat intake (Bur-
undi with 13.4 g and DRC with 24.3 g) also presented
with high IMR of 102 and 126, respectively.
The fourth Millennium Development Goal (MDG) is
to reduce child mortality. One of the indicators used to
measure progress is the IMR [23], which is a commonly
used indicator of a population’s economic and social
development [24]. Despite developing countries experi-
encing a decline in infant mortality during the last cen-
tury, the results of the current study clearly show that
the prevalence of undernutrition and infant mortality in
SSA is still unacceptably high. These results are corro-
borated by other studies [25-27]. Moreover, according
to Chopra and Darnton-Hill [28], the proportion and
number of undernourished children in SSA has
increased during the last 10 years.
Findings from this study indicate that the IMR in SSA
ranges from as low as 24 to as high as 130 deaths per
1000 live births, while the percentage of stunted
Table 4 Correlations between independent variables
(infant mortality rate and non-communicable disease
mortality rate) and several predictor variables
Independent Variable-Infant Mortality Rate r** P-Value
Stunting 0.41 0.01
†
Underweight-for-Age* 0.49 0.02
†
Low birth weight 0.31 0.06
Exclusive breastfeeding -0.33 0.05
HIV prevalence* -0.21 0.20
PPP 0.41 0.02
†
Energy -0.34 0.04
†
Protein -0.44 0.01
†
Energy from protein -0.35 0.04
†
Fat -0.14 0.53
Energy from fat 0.03 0.83
Carbohydrates -0.31 0.08
Energy from carbohydrates 0.08 0.60
* Spearman’s Rank Correlation (non-normal data)
** r is a measure of the linear relationship between IMR and the independent
variables
† Statistically significant at p < 0.05
Table 5 Results of multiple linear regression analysis using the outcome variable infant mortality rate
Outcome: Infant Mortality Rate
b Coefficient Standard Error P-value 95% confidence interval
Underweight-for-age* 1.03 0.41 0.020 0.17-1.89
Protein** -1.12 0.27 0.001 -1.67-(-0.56)
Exclusively Breastfed* -0.55 -3.27 0.003 -0.90-(-0.21)
Constant 139.66 21.45 0.001 95.97-183.36
Interpretation
Underweight-for-Age* For every 1% increase in the number of children underweight-for-age, the infant mortality rate increases by 1 death per 1000
infants
Protein
† For every 1 g increase in protein/capita/day, the infant mortality rate decreases by 1 death per 1000 infants
Exclusively Breastfed* For every 1% increase in the number of infants that are exclusively breastfed for 6 months, the infant mortality rate
decreases by 0.5 deaths per 1000 infants
* Indicates measurement in percentage
† Indicates measurement in grams/capita/day
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Page 8 of 12children range from 20% to 63%. Countries with the
highest nutrition transition scores were found to have
relatively low levels of IMR, stunted children and under-
weight-for-age. Despite some countries having lower
levels than others, the percentage of children that are
stunted and underweight-for-age in SSA as a whole, is
still disappointingly high. From these results we con-
clude that countries experiencing the nutrition-related
Figure 2 Relationship between Stunted children and overweight/obese women.
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Page 9 of 12NCD phase of the transition, while experiencing high
levels of obesity, are also experiencing a decline in rates
for infant mortality and children that are stunted and
underweight-for-age.
To speed up the reduction of infant and child mortal-
ity in SSA, countries need to allocate money to improv-
ing mother and child health care services and train
health workers to detect and treat malnutrition related
Table 6 40 Sub-Saharan countries listed in descending order of Nutritional Transition Scores and the indicators that
contribute to them
Country PPP Energy % Energy from fat Over weight/obesity IMR Stunting Score
Low High High Low High Low High Low Low High Low High
Angola X n/a n/a X X 0
Burundi X X X n/a n/a X X 0
Chad X X X 0
Comoros X X0
Congo Brazzaville n/a n/a 0
Dem. Republic of Congo X X X X 0
Ethiopia X X X X 0
Madagascar X X X X 0
Malawi X X X 0
Mozambique X n/a n/a X 0
Niger X X0
Rwanda X X X X 0
Tanzania X X X 0
Uganda 0
Zambia X 0
Benin ✔ 1
Burkina Faso ✔ X1
Central African Republic X ✔ n/a n/a X 1
Cote d’Ivoire ✔ n/a n/a 1
Eritrea n/a n/a X X X ✔ 1
Guinea-Bissau n/a n/a X ✔ 1
Kenya ✔ 1
Liberia X ✔ X1
Mali ✔ X1
Nigeria ✔ X1
Togo X ✔ 1
Cameroon ✔✔ 2
Guinea X ✔✔ 2
Lesotho X ✔✔ 2
Namibia n/a n/a ✔✔ 2
Sierra Leone ✔✔ X2
Zimbabwe n/a n/a ✔✔ 2
Gambia ✔✔ n/a n/a ✔ 3
Sao Tome and Principe n/a n/a ✔✔ ✔ 3
Swaziland ✔✔ ✔ 3
Senegal ✔✔ n/a n/a ✔✔ 4
Cape Verde ✔✔ ✔ n/a n/a ✔✔ 5
Gabon ✔✔ ✔ ✔✔ 5
Ghana ✔✔ X ✔✔ ✔ 5
South Africa ✔✔ ✔ ✔ ✔✔ 6
High refers to countries whose levels were in the top quartile
Low refers to countries whose levels were in the bottom quartile
n/a refers to countries with no available data
✔ refers to levels included in the score
X refers to levels opposite to those included in the score
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Page 10 of 12conditions as early as possible. Furthermore, improving
the nutritional status of pregnant women will improve
fetal growth which may lead to better health implica-
tions for many children [2].
Findings of the current study also show that RSA,
Ghana, Gabon and Cape Verde had the highest nutrition
transition scores. These countries with their relatively low
levels of IMR and underweight, and relatively high levels
of obesity/overweight, energy and fat intakes display clas-
sic signs of a population well established in the nutrition-
related NCD phase of the nutrition transition.
However, countries with a high prevalence of obesity/
overweight among women (Swaziland, Cameroon,
Lesotho, and Sao Tome and Principe) were also found to
h a v eam o d e r a t ep r e v a l e n c eo fc h i l d r e nt h a ta r es t u n t e d
(29-45%), a low prevalence of children that are under-
weight-for-age (6-17%), and nutrition transition scores of
two and three. These findings confirm the prevalence of
the dual burden household [9]. While the dual burden
household appears to be prevalent throughout SSA, its
prevalence is especially high in countries undergoing the
receding famine stage of the nutrition transition. This is
further supported by their average energy and fat intakes.
Findings show that more than half of the countries
(n = 26) evaluated in this analysis had nutrition transi-
tion scores of zero and one. Most of them had a high
prevalence of children that are stunted or underweight-
for-age, small percentages of women that are overweight
and obese, and low intakes of energy, protein, and fat.
In addition, their IMR are moderate to high, and in
most of these countries more than 50% of the popula-
tion live on less than one dollar per day. These coun-
tries are still in the receding famine stage of the
nutrition transition. This implies that within the next
few years they can be expected to move into stages 3-5
with their typical pattern.
Since stunting and undernutrition during childhood is
associated with obesity during adulthood [29], the co-mor-
bidities related to obesity are bound to increase in coun-
tries still in the early stages of the transition. This will
result in their moderate NCD mortality levels rising dra-
matically. As such, endorsing strategies directed at redu-
cing food insecurity in these countries will directly reduce
the prevalence of stunting and at the same time indirectly
reduce the prevalence of chronic non-communicable
diseases.
The scoring system developed and used in the analysis
of this paper has attempted to identify each country’s
stage in the nutrition transition. This system has the
potential to be applied to other developing countries,
thereby identifying their stage in the transition and
being able to predict areas of concern that are most in
need of assistance.
Conclusion
Findings from this study show that countries in SSA are
undergoing a nutrition transition. More than half of
them are still in the early stages, while a few have reached
a point where changes in dietary patterns are affecting
health outcomes in a large portion of the population.
Countries in the early stage of the transition are espe-
cially important, since the speed of transition is occurring
more rapidly in lower- and middle-income countries.
These countries are at risk of developing a high preva-
lence of obesity and NCD mortality more rapidly than
has occurred in the West.
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